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At RAN#69, a new work item named Narrowband IOT (NB-IOT) was approved, see [1]. The objective are to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. At RAN#70, a revised work item description was approved, see [2].
NB-IOT should support 3 different modes of operation: 
1.	“Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
2.	“Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 
3.	“In-band operation” utilizing resource blocks within a normal LTE carrier
NB-IoT will support 180 kHz UE RF bandwidth for both downlink and uplink. Furthermore according to [2], for the uplink: 
· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.
· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.

In this contribution, we discuss issues related to collision handling for NB-IoT.
DL collisions
For NB-IoT DL transmission, several types of broadcast channels and signals have been defined. They are transmitted periodically at pre-defined time, and occupy the entire PRB whenever present. These include:
· NPBCH: NPBCH fully occupies the PRB at subframe 0 in every radio frame; 
· NPSS: NPSS is transmitted in subframe 5 with periodicity of 10 ms. NPSS uses the last 11 OFDM symbols of subframes in which NPSS occurs for normal CP. That is, NPSS takes subframe 5 in every radio frame;
· NSSS: NSSS is transmitted in subframe 9. NSSS uses the last 11 OFDM symbols of subframes in which NSSS occurs for normal CP.  Periodicity of NSSS is FFS;
· SIB1: NSIB1 is transmitted in subframe #4 within each radio frame transmitting NSIB1. The radio frame occupied by NSIB1 occurs in every other frame in 16 consecutive radio frame, with the cluster 16 radio frame occurs every {64, 32, 16} radio frames;
There are also other SIB types that are broadcast, whose scheduling information is not fixed, but carried by SIB1. 
There are also UE-specific type of conditions that require collision handling, such as measurement gap.

In the following, the various types of collision case and how to handle them are listed.
1. Collision between NPDCCH/PDSCH and broadcast signals
a. In case of collision between {NPSS, NSSS, NPBCH, SIB1}, and a NPDCCH/NPDSCH repetition in the same subframe
i. The UE shall assume M-PDCCH/PDSCH in the subframe is delayed, and the unavailable subframe is NOT counted in the repetition
b. In case of collision between scheduled SI transmissions (other than SIB1) and a NPDCCH/NPDSCH repetition in the same subframe
i. The UE shall assume NPDCCH/NPDSCH in the subframe is dropped, and the unavailable subframe is counted in the repetition
2. Collision between NPDCCH/PDSCH and UE-specific configurations:
a. In case of collision between measurement gap and a PDCCH/PDSCH repetition in the same subframe
i. The UE shall assume M-PDCCH/PDSCH in the subframe is dropped, and the unavailable subframe is counted in the repetition
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UL collisions
Similar to DL, various UL collisions can happen and need to be handled. The various UL transmission collision are handled as follows:
a. In case of collision between a scheduled NPUSCH transmission and NPRACH resources,
i.  NB-IoT UEs drop NPUSCH transmissions in the subframes that collide with the NPRACH resources.
b. For inband deployment, in case of collision between a scheduled NPUSCH transmission and cell-specific SRS transmission of legacy LTE 
i. NB-IoT UE punctures the PUSCH symbol that overlaps with the cell-specific SRS;
c. For inband deployment, in case of collision between a NPRACH transmission and cell-specific SRS transmission of legacy LTE 
i. NB-IoT UE punctures the NPRACH symbol(s) that overlaps the cell-specific SRS;
Note that in the above, it is assumed that the eNB broadcasts the LTE cell-specific SRS configuration to the NB-IoT UEs.

Conclusions
In this contribution, we discussed the DL and UL collision issues. It is proposed that the collision handling mechanisms described above are specified for NB-IoT UEs.

References
[bookmark: _Ref384735847]RP-152284, “New Work Item: Narrowband IOT (NB-IOT),” Huawei and HiSilicon, RAN #70, Dec. 2015, Sitges, Spain.
1(2)
[bookmark: _Toc458939174]2(2)
